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ABSTRACT 

Background and aims: Prediabetes is associated with an increased risk of developing diabetes and 
cardiovascular disease. Our objective was to assess the extent and severity of coronary artery diseases (CAD) 
among prediabetic patients using multi-slice computed tomography (MSCT) coronary angiography. 

Subjects and methods: Our population included 60 patients with mean age 56.2 +10.5 years presented by 
typical chest pain with fasting blood glucose (FPG) < 126 mg/dL and HbAIc < 6.4% and at least one CV risk 
factor. Any patients with prior history of CV disease or clinical evidence of advanced renal disease were 
excluded from this study. The extent and severity of coronary artery stenosis were assessed using MSCT 
coronary angiography. The patients were divided into two groups, prediabetic group (GI) and non-diabetic 
group (GII). Prediabetes was defined as an HbA Ic value of 5.7-6.4%. 

Results: Prediabetic group had significantly higher number of diseased vessels with higher number of patients 
having MVD compared to non-diabetic group. HbA 1C and FPG were found as independent predictors for both 
extent and severity of diseased coronary arteries. 

Conclusion: CAD was more advanced in prediabetic patients compared to non-diabetic patients. Moreover, 
non-diabetic levels of glucose metabolism evidenced by impaired FBG and increased levels of HbAIC were 


helpful to predict increased risk for the extent and severity of CAD among our study population. 
Keywords: Prediabetes, HbAIc, coronary artery disease, MSCT coronary angiography. 


INTRODUCTION 

Prediabetes is a metabolic stage intermediate 
between normal glucose homeostasis and diabetes ® 
and is associated with an increased risk of developing 
diabetes and cardiovascular disease ®. 

The American Diabetes Association (ADA) 
proposed that glycated hemoglobin Alc (HbAIc) 
could be used as a diagnostic test for diabetes and 
prediabetes as an alternative to impaired fasting 
glucose (IFG), or impaired glucose tolerance (IGT) ®. 

An HbAlc value of (5.7-6.4%) was 
recommended for the diagnosis of prediabetes. 
Increasing levels of HbAIc in individuals without DM 
are associated with the presence and burden of 
coronary atherosclerosis and mixed coronary arterial 
plaques ®. 

There are several methods of screening for 
cardiovascular disease, among these, coronary artery 
calcium (CAC) score by coronary computed 
tomography (CCT) ©. 

Coronary angiography is the gold standard for 
diagnosis of coronary artery disease, but its 
invasiveness nature prevents its regular use in 
asymptomatic patients. 

Coronary artery calcium (CAC) score is a strong 
predictor of incident coronary heart disease © and is 
considered as one of the best subclinical coronary 
atherosclerosis markers, especially in asymptomatic 
individuals at intermediate cardiovascular risk ®. 
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MSCT is a non-invasive technology to visualize 
the coronary arteries and found to be safe and reliable 
to detect or exclude coronary artery disease (CAD). 

MSCT appears to be useful as a first-line imaging 
technique in carefully selected patients to evaluate the 
need of an invasive coronary angiography ®. 


AIM OF THE WORK 

Our objective was to assess the extent and 
severity of coronary artery diseases among prediabetic 
patients using multi-slice computed tomography 
(MSCT) coronary angiography. 


PATIENTS AND METHODS 
Study population: 

This study was conducted on 60 patients having 
typical chest pain. The patients were selected from 
those attending cardiology outpatient clinic at Kobri 
El-Kobba Military Hospital and referred for multi- 
slice CT angiography (MS-CT), for diagnosis of 
coronary artery disease. The study was conducted 
during the period from June 2018 to December 2018. 
Inclusion criteria were; patients with typical chest pain 
and having: FBG < 126 mg/dL, HbAlc < 6.4% and at 
least one cardiovascular (CV) risk factor among the 
following: hypertension, dyslipidemia, family history 
of IHD or premature sudden cardiac death or current 
smoking. 

Arterial hypertension was considered present 
when measurement of brachial blood pressure (BP) 
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exceeded 140 mmHg (systolic) and/or 90 mmHg 
(diastolic) on at least two different occasions, or if the 
patient was on antihypertensive medication. 
Dyslipidemia was defined as a total serum cholesterol 
level of > 190 mg/dL , serum low-density lipoprotein 
(LDL) cholesterol level of > 115 mg/dL, serum high 
density lipoprotein (HDL) cholesterol level of < 40 
mg/dL for men and < 45 mg/dL for women, or serum 
triglycerides level of > 150 mg/dL, or history of daily 
intake of any lipid-lowering medication. Patients with 
prior history of diabetes, known CV disease or 
advanced renal disease were excluded. 


Ethical approval: 

The study protocol approved by the medical Ethics 
Committee of the Faculty of Medicine for Girls, Al- 
Azhar University and a verbal informed consent was 
obtained from all participants before enrollment into 
the study. 


Laboratory investigations, ECG and 
echocardiography 

All patients were subjected to routine clinical 
examination. Fasting blood samples were collected to 
ascertain levels of glucose, total cholesterol, 
triglycerides, LDL and HDL cholesterol, HbA1C and 
creatinine. 

12-leads surface ECG was done to exclude any 

ECG changes suggesting ischemia as ST-T wave 
changes or pathological Q wave of prior myocardial 
infarction. Echocardiography was performed to asses 
LV dimensions, functions, LV resting wall motion 
abnormalities. 


Multi-slice CT angiography: 

The CT angiography was performed to all patients 
utilizing a dual source scanner (Somatom Definition 
Flash) using two X-ray sources for better visualization 
of the coronary tree at relatively high heart rates and 
all coronary arteries were evaluated at different phases 
of the cardiac cycle by acquisition of thin slice sections 
(0.6 mm). 


All scans were preceded by non-contrast enhanced 
scan for coronary artery calcium (CAC) score 
(sequential scan with 32 x 0.6 mm collimation, tube 
current 60 mAs at 120 kV) to rule out patients with 
dense coronary calcification (total score above 1000 
Agatston score). Coronary segments were visually 
scored for the presence of coronary plaque using 
segment involvement score (SIS) and segment stenosis 
score (SSS). 

The included patients were divided into two 
groups according to American Diabetes Association 
(ADA) criteria “'° based on plasma levels of FPG and 
HbA Ic; prediabetic group: (FPG 100 — 125 mg/dL and 
HbAlc 5.7 —6.4 %) and non-diabetic group (FPG < 
100 mg/dL and HbAIc < 5.7%). 


Statistical analysis 

All analyses were performed using SPSS for 
Windows (version 23.0, SPSS, Chicago, Illinois, 
USA). Kolmogorov-smirnov test was used to 
discriminate between normal and non-normal 
distributed variables. Descriptive statistics were 
presented using mean and standard deviation (SD) for 
normally distributed quantitative variables, and the 
median and interquartile range (IQR) for non-normally 
distributed variables. Comparisons of parametric 
values between 2 groups were performed by the 
student ¢ test and comparisons for non-parametric 
values between 2 groups were performed by Mann- 
Whitney U test. Categorical variables were compared 
with the chi square test. A two-tailed P < 0.05 was 
considered significant. Correlation and Multi-variate 
logistic regression used to identify independent 
predictors of extent and severity of coronary artery 
disease. 


RESULTS 

The baseline characteristics of the study subjects 
presented in table 1. Prediabetic subjects were older 
than the non-diabetic but other risk factors were 
equally distributed between the 2 groups. 


Table 1: Demographic characteristics of pre-diabetic and non-diabetic groups 


p value 


ell i ll 
N=30 N=30 
2 


2o | 


0.297 
0.793 
F Hx of IHD 0.602 


Laboratory measurements of the patients stratified into 2 groups shown in table 2. Prediabetic group had 
significantly higher value of HbA1C and FBG compared to non-diabetic group. However, no significant 
difference could be detected between both groups regarding serum creatinine or lipid profile. 
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Table 2: Laboratory investigation among prediabetic and non-diabetic groups 
Variables Group I Group II | P value 
N=30 N=30 


The median of CAC score was higher in the prediabetes group compared to median of non-diabetic group as 
shown in table 3. 

Prediabetic group had significantly higher number of diseased vessel detected by CT coronary 
angiography compared to non-diabetic group. In addition, prediabetic group had significantly higher number 
of patients with multi-vessel disease (MVD) while non-diabetic group had significantly higher number of 
patients with single vessel disease. There was statistically significant difference between both groups regarding 
the severity of lesion as shown in table 3. The most common affected coronary artery in both groups was 
LAD (either single or in MVD) 





Table 3: Comparison between prediabetic and non-diabetic groups regarding CT- coronary 
angiographic data 


Variables Group I Group II P value 
N=30 N=30 
Ca Score (AU) Median + IQR 0.000 
(0 — 235.225) (0-53.725) 


No of Vs affected 
Onevessel (6 0 

Severity of | Total occlusion |6 | 1 |004 | 
igni d6 | 8&8  Joo5 | 


l 
coronary lesion Significant stenosis 16 
l 


Non-significant 0.011 
stenosis 


This study showed that there were significant positive correlation between both extent and severity of 
affected coronaries with HbA 1C, FBG, total cholesterol, triglycerides, LDL-cholesterol, and CAC score, while 
there was a significant negative correlation between LVEF with the extent and severity of affected coronaries 
lesions. By applying multi-variate logistic regression, we found that HbA1C and FPG were independent 
predictors for both extent and severity of diseased coronary arteries among the studied population (Figure 1 
and 2). Figure 3 showed MS-CT coronary angiography images from the studied population. 
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Figure (1): HbA1c as independent predictor of (A) number and (B) severity of diseased vessels among 
the studied population 
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Figure (2): FPG as independent predictor of (A) number and (B) severity of diseased vessels among the 
studied population 
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Figure (3): MS-CT coronary angiography images (A) Multi-planar reformation image showing mid 
segment LAD 70-80% lesion (B) Curved multi-planar reformation image showing proximal LCX tight 
lesion, (C) Multi-planar reformation image showing non dominant LCX showing osteal and mid 
segment significant lesion and (D) Multi-planar reformation image showing co-dominant atherosclerotic 
vessel showing mid segment significant lesion. 
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DISCUSSION 

Patients with impaired fasting glucose (IFG) 
are at high risk for DM “”. Since the incidence of 
macrovascular complications is only weakly 
associated with the duration of diabetes, one may 
speculate that impaired glucose homeostasis and 
increasing atherogenicity occur prior to a clinical 
diagnosis of DM “”. To better manage patients at 
high risk for future cardiac events, the identification 
of subclinical atherosclerosis in patients with 
prediabetic status has important implications. 

Impaired glucose tolerance and impaired 
fasting glucose emerged as independent risk factors 
for cardiovascular disease mortality. Some reports 
indicated a correlation between glucose metabolism 
and coronary artery disease (CAD) even in patients 
without diabetes or IGT“). 

However, much debate emerged regarding 
the better metabolic predictors of CAD in non- 
diabetic patients and if there is a correlation between 
their values and the severity of coronary artery 
disease “®, 

Glycosylated hemoglobin Alc (HbAIc) is a 
marker of long-term glycemic control and elevated 
HbAlc was associated with an increased risk of 
cardiovascular diseases in patients with diabetes, 
moreover HbA Ic is also associated with all-cause of 
death and cardiovascular disease even in absence of 
diabetes"). 

In our study, we found that the CAC score 
was significantly higher in the prediabetic group than 
the non-diabetic group. This result was consistent 
with Scicali et al. ® who reported that prediabetic 
group defined by HbA Ic exhibited higher CAC score 
compared to non-diabetic one. Furthermore, they 
demonstrated that HbAlc was an independent 
correlate of CAC score. Also our results 1s matched 
with the study done by Lim et al. °® who concluded 
that CAC score was higher in subjects with impaired 
glucose homeostasis than in  norm-glycemic 
individuals. 

In the present study, we found that prediabetic 
group had higher number of diseased vessel, higher 
multivessel disease and more total occlusions than 
non-diabetic group. These results are in concordant 
with Garg et al. “” who found that patients with 
impaired glucose tolerance (i.e, HbAlc 5.7 — 6.4 %) 
had markedly higher risk of CAD, higher mean 
number of diseased vessels, higher left main and/or 
triple vessel disease, more chronic total occlusions 
compared to patients with HbAIC < 5.7%. Our 
findings are in consistent with the study done by 
Kurihara et al. “®), who reported that both the degree 
of coronary atherosclerosis and the plaque 
vulnerability were more advanced in patients with 
prediabetes than in those without diabetes. Also our 
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results are in accordance with the study done by Lim 
et al. °® who demonstrated that in terms of stenosis 
of the coronary arteries, subjects with IFG had more 
significantly stenotic coronary artery disease than did 
subjects with normal fasting glucose. In terms of the 
location of the involved artery, the current study 
revealed that subjects with IFG had higher incidence 
of diseased left main or LAD arteries than did 
subjects with NFG. Kurihara et al. “”) reported that 
both coronary atherosclerosis and plaque 
vulnerability were more advanced in prediabetic 
patients than in those without DM and were 
comparable to patients with DM. Ertan et al. °° 
found that the early detection of prediabetes might be 
associated with more coronary lesions for 
percutaneous or surgical revascularization and 
identified people at highest risk of developing overt 
DM and further advancing arteriosclerosis. 

In the current study, we found that there was 
a significant positive correlation between FBG with 
extent and severity of diseased coronary arteries. 
Also, FBG was found as an independent predictors of 
both number and severity of diseased coronary 
arteries. Our results are similar to results of Gui et al. 
2D who reported that as FPG levels increased, the 
number of diseased vessels, the average number of 
diseased vessels, and the proportion of totally 
occluded vessel also increased. Coutinho et al. °, 
conducted meta-regression analysis of the published 
data from 20 studies of 95 783 individuals, who had 
3707 cardiovascular events over 12.4 years, and 
demonstrated that fasting and post challenge glucose 
level of 6.1 and 7.8 mmol/L was associated with 
relatively higher cardiovascular risks as compared 
with glucose level of 4.2 mmol/L. This study 
demonstrated progressive relation between glucose 
levels and cardiovascular risks extending below the 
diabetic threshold. However, Yan et al. ?® found that 
the prevalence of significant CAD did not differ 
significantly between NGT and IFG subjects 
according to the ADA diabetes criteria 2003, which 
was not consistent with our findings. The discrepant 
results attributed to the following (1) we used ADA 
diabetes criteria 2010 while Yan et al. °” used ADA 
diabetes criteria 2003 with different cutoff value of 
FBG and (2) Yan et al. °” conducted the study on a 
selective basis, as subjects were not randomly chosen 
but enrolled only from hospitals with clusters of high- 
risk patients. Therefore, the actual prevalence of 
CAD might be overestimated. 

In our study, we found that a significant 
positive correlation between HbAIC with number 
and severity of affected vessels. In addition, HbAIC 
was found as an independent predictor of number and 
severity of diseased coronary arteries. These results 
are consistent with the study done by Tomizawa et 
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al. ° who noted that not only diabetic patients 
(HbAlc > 6.5%%) but also borderline patients 
(HbA Ic 6.1—6.4) were related with extensive disease. 
The association of HbAlIc elevation and extensive 
disease was quite similar between borderline and 
diabetic patients. In a recent analysis from the 
Atherosclerosis Risk in Communities (ARIC) study, 
Selvin et al. °°) found that risk of coronary artery 
disease increased in non-diabetic individuals with 
high baseline HbAIc. 

Our findings are concordant with the study 
done by Garg et al. ©”, their results implied that 
HbAIC not only was a marker of chronic 
dysglycemia but also could be used as an independent 
predictor of CAD and its severity even in non- 
diabetic individuals. Measurements of HbAIC levels 
might improve risk assessment in non-diabetic 
patients. Eskesen et al. °° had demonstrated that 
HbA Ic level was highly correlated with development 
of CVD amongst individuals without DM. 
Furthermore, they found a strong association between 
level of HbAIc, even within the normal range and the 
development of DM. Our findings are consistent with 
the study done by Kurihara et al. “”, who reported 
that coronary atherosclerosis and plaque vulnerability 
were more advanced in prediabetic than in non- 
diabetic patients and comparable between prediabetic 
and diabetic patients. Slight or mild disorders in 
glucose metabolism, such as prediabetes, could be a 
risk factor for CAD, as is diabetes itself. Ayhan et al. 
?7 found that HbAlc levels correlated with the 
severity of coronary atherosclerosis in both diabetic 
and non-diabetic patients. HbAlc levels were the 
only independent predictor of severe CAD. In a 
recent meta-analysis, Liu et al. ° reported that 
elevated HbAlc levels were an independent risk 
factor for mortality . In subgroup analyses, they found 
that an elevated HbAlc level predicted higher 
mortality risk in non-diabetics, while they did not 
detect an increased mortality risk in diabetics. Their 
conflicting findings between patients with and 
without diabetes as diabetic patients were tightly 
controlled in terms of risk factors such as 
dyslipidemias and hypertension. 

The principal findings of Ashraf et al. ° 
study indicated that HbAlc values, even in the normal 
range, are associated with the presence and severity 
of coronary lesions in people without diabetes, even 
after multivariable analysis models which was 
adjusted for traditional cardiovascular risk factors, 
insulin resistance and inflammatory markers. An 
increase in HbA Ic of one percent was associated with 
a 2.8-fold increase in CAD prevalence in the 
multivariate analysis and the best threshold of HbAIc 
for prediction of the presence of CAD was 5.6% (38 
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mmol/mol). The study also showed that glycemia in 
non-diabetic individuals, as a contributing factor for 
angiographic CAD, might be more important in 
individuals with normal fasting glucose. The 
observation that HbA Ic desisted to be associated with 
the CAD in IFG group might be because of heavily 
clustered metabolic abnormalities in this group. In 
addition, hyperglycemia might enhance the pro- 
atherogenic effects of high sensitive (hs) CRP. 
Several findings suggest that hs-CRP might be related 
to atherogenesis by diminishing nitric oxide Verma 
et al. ©”. Interestingly, acute hyperglycemia also 
reduces nitric oxide bioavailability Giugliano et al. 
GD | pointing to the possibility that the combined 
effect of raised hs-CRP concentrations and increased 
HbAlc could jointly reduce nitric oxide 
bioavailability. 

Dutta et al. ©” found that increasing HbAIc 
level was strongly correlated with disease severity, 
number of diseased vessels and higher SYNTAX 
score, in a graded fashion (p<0.001) in non-diabetics. 
HbAlc values significantly correlated with the 
SYNTAX score. With increasing HbAlIc levels, a 
significant increase was noted in the mean number of 
diseased vessels (p < 0.001). Similarly there was a 
linear correlation between HbAlc and number of 
vessels involved (p<0.001) in non-diabetics. 
Ghaffari et al.ĉ® studied coronary angiographic 
findings and multivessel involvement based on 
HbAlc quartiles in non-diabetics. Patients with 
HbAlc >5.8% had twice more chance of having 
triple-vessel diseases (p = 0.002) in non-diabetics. 
Kowalska et al. ©” in a cohort of non-diabetic men 
referred for coronary angiography, demonstrated that 
the number of diseased vessels significantly 
correlated with increasing levels of HbAlc. 

In the current study, we found a significant 
positive correlation between extent and severity of 
diseased vessels by CCT with total cholesterol, 
triglycerides, | LDL-cholesterol, CAC score. 
Meanwhile, there was a significant negative 
correlation between extent and severity of diseased 
vessels by CCT with LVEF. 

These results were concordant with 
Conkbayir et al. ° who revealed a significant 
relationship between lipid quartiles with the extent 
and severity of CAD. They also demonstrated 
significant roles of the TG/HDL-C ratio in predicting 
CAD risk among Turkish Cypriots. 


Study limitations: 

Small sample size of the studied patients and 
limited number of female patients included in the 
study. We did not have invasive angiographic data 
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from our patients to further describe and confirming 
CAD severity. The selected group were referred for 
evaluation of suspected CAD; thus, this study may be 
affected by selection bias. 


CONCLUSIONS 

CAD was more advanced in prediabetic patients 
compared to non-diabetic patients. Moreover, non- 
diabetic levels of glucose metabolism evidenced by 
impaired FBG and increased levels of HbAIC were 
helpful to predict increased risk for the extent and 
severity of CAD among our study population. 
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